SELECTIVE angiocardiography of the left side of the heart is of prime importance for the accurate preoperative diagnosis of those lesions involving the mitral valve, ventricular septum, outflow tract of the left ventricle, or the aorta itself. The injection of contrast medium into the pulmonary artery for the demonstration of the left atrium and left ventricle is less satisfactory than the direct injection into those chambers. Until recently, left atrial and left ventricular angiocardiography has been achieved only by retrograde left ventricular catheterization or direct transthoracie puncture of the left atrium or left ventricle. Many reports deal with the advantages and disadvantages of these methods.1 5
SELECTIVE angiocardiography of the left side of the heart is of prime importance for the accurate preoperative diagnosis of those lesions involving the mitral valve, ventricular septum, outflow tract of the left ventricle, or the aorta itself. The injection of contrast medium into the pulmonary artery for the demonstration of the left atrium and left ventricle is less satisfactory than the direct injection into those chambers. Until recently, left atrial and left ventricular angiocardiography has been achieved only by retrograde left ventricular catheterization or direct transthoracie puncture of the left atrium or left ventricle. Many reports deal with the advantages and disadvantages of these methods. 1 5 The introduction of transseptal left heart catheterization6-9 was a major step forward in achieving safe access to the left side of the heart. Since its first description, the method was modified mainly for the purpose of left heart angiocardiography. [10] [11] [12] [13] There are several reports in the literature about the safety and reliability of transseptal left heart catheterizationl,9, 10, 14, 15 whereas only a few studies on selective left heart angiocardiography by the transseptal route are available.1'0 12, 16, 17 Recently, Braunwald and co-workers17 published their experiences with 60 patients investigated with this new technic. It is the purpose of this paper to discuss the findings obtained in 90 patients in whom transseptal left heart angiocardiography has been performed.
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Circulation, Volume XXVIII, August, 1963 Materials and Methods A total of 170 transseptal left heart catheterizations was performed. All but two of these patients were in the pediatric age group. Ninety patients had biplane angiocardiography with injection of contrast nmediunm into the left atrium in eight patients, and into the left ventricle in 82 patients.
Most of these patients had cardiac malformations of the left heart, ventricular septum, or aorta, and some had pure mitral insufficiency. Fifty-two of the 90 patients had congenital aortie stenosis, six had supravalvular aortic stenosis, 36 had valvular, nine had organic subaortie stenosis, and one patient had functional subaortic stenosis.
Infants and children of all ages received light sedation during transseptal left heart catheterization and, shortly before the injection of contrast medium, light general anesthesia with Fluothane (bromehlortrifluoraethan) was administered. The contrast medium Urografin 76 per cent (N,N'-diazetyl-3,5-diamino-2,4,6-triiodo-benzoic acid) was injected in a dosage of 1.2 ml. per Kg. of body weight. The injection was made through the catheter by means of a Gidlund (Elema) power-injecting syringe.
For the purpose of left heart angiocardiography, Ross et Figure 1 shows the opacification of the aseending and deseending aorta and of the pulmonary artery through a large aortopulmonary window; the ventricular septum is intact. Figure 2 is the left ventricular angiocardiogram in the anteroposterior and lateral projection of a child with a patent ductus arteriosus. There is opacifieation of the pulmonary artery after the filling of the aortic arch.
Comment
Only about half of the cases of aortopulmonary window that have been published have had a continuous murmur because of the pulmonary hypertension, which is almost always present in this lesion. The murmur is usually similar to the murmur of patent ductus arteriosus with severe pulmonary hypertension and is a systolic and diastolic diphasic murmur. 18 The differential diagnosis Figure 3 shows the left ventriculogram of two patients with coaretation of the aorta. There is the usual short coarctation of the aorta in figure 3A . The patient whose angiocardiogram is shown in figure 3B presented the same symptoms and clinical findings, but the coaretation is unusually long and the risk of operation and the prognosis will be different in this patient.
In coaretation of the aorta, the narrowing of the aorta is well demonstrated, if the injection is made into the left ventricle. Ventricular septal defect or aortic stenosis may be associated with coaretation of the aorta, and transseptal left heart catheterization and left ventricular angiocardiography would visualize the coaretation as well as the associated lesions.
Ventricular Septal Defect
The left ventricular angiocardiograms of patients with different types of ventricular septal defects are shown in figure 4 . In figure  4A a muscular veentricular septal defect is demonstrated, and the patient shown in figure   4B had a defect of the membranous ventricular septum. Figure 4C is the anteroposterior projection of a patient with a ventricular septal defect of moderate size. Figure 4D is Right heart catheterization has been considered to be sufficient for preoperative studies in patients with ventricular septal defects. However, the demonstration of the location of a ventricular septal defect and its relationship to the aortic valve and crista supraventricularis is inmportant. At operation it may be difficult to locate multiple defects in the artificially arrested heart. Furthermore, as was pointed out recently by Steinfeld and coworkers,22 left ventricular angiocardiography is even superior to dve-dilution studies for the detection of small left-to-right shunts at the ventricular level. We had the same experience with foreign-gas methods. As shown in figure 4 transseptal left ventricular angiocardiography is able to demonstrate the size and locationi of different types of ventricular septal defects. It is also an ideal nmethod for the denmonstration of acyanolotic tetralogy of Fallot, where the shunit is predonminantly from left to right (fig. 4D) (fig. 5 ).
Differentiation of Different Types of Aortic Stenosis
There are 52 patients with congenital aortic stenosis among the 90 patients in this series. valve can be seen in figure 6A . The jet of contrast medium through a stenosed aortic valve is well demonstrated in figure 6B . Figure 6C shows the dome-shaped aortic valve in a patient with severe valvular aortic stenosis. Figure 7 is the left ventricular angiocardiogram of a patient with organic subaortic stenosis and mitral insufficiency. The We believe that transseptal left heart catheterization and angiocardiography are superior to retrograde catheterization of the left ventricle, sinee with the latter method it is often impossible to pass the catheter across the lesion into the ventricle and the catheter may exaggerate the stenosis. At left ventricular angiocardiographv we have seen many cases of valvular aortic stenosis without any poststenotic dilatation. The recognition or exclusion of poststenotic dilatation on conventional roentgenograms or fluoroscopy does not allow a definite differential diagnosis of valvular or subvalvular aortic stenosis. There were several patients in this series with valvular aortic stenosis and a n-arrow valve ring, whereas in the majority of the patients the aortic valve ring was of normal size. The recognition of this differenee is also important, since at operation in the cases with a narrow valve ring, the obstruction to left ventricular outflow mnay not be relieved to the same degree as in the other cases.
The clinical diagnosis of functional subaortic stenosis may be very difficult. Figure 10 shows the angiocardiogram with left atrial injection in a patient with truncus arteriosus. The valve of the common truncus can be seen overriding the large ventricular septal defect. Also, some contrast medium first enters the outflow tract of the right ventriele and is then ejected into the common trunk. A pulmonary vessel of good size is seen to originate at the deseending aorta.
Comment
Retrograde aortography has been the method of choice for the demonstration of the origin of the pulnionary vessels in truncus arteriosus. This is of importance, particularly if a Blalock-Taussig operation is planned. As shown in figure 10 , transseptal left ventrieuCirculation. Volume XXVIII, August, 1963 lar angiocardiography is also a good method for demonstrating the nature of the malformation, Discussion Transseptal left heart catheterization has been shown to be a safe and reliable method for the study of heart disease involving the left heart and ventricular septum.14 In many eases the measurement of pressures in the left atrium and left ventricle and the recording of indicator-dilution curves will be sufficient for the establishment of the diagnosis. In other patients, however, a more accurate demonstration of the malformation and the visualization of anatomic details are necessary for a precise preoperative assessment. Retrograde catheterization of the left ventricle, with injection of contrast medium into the left ventricle or ascending aorta, and transthoracic puncture of the left atrium or left ventricle have been used for left heart angiocardiography. These two nmethods have their definite limitations and hazards, and fre- quently cannot be performed in patients with severe aortic stenosis (retrograde left ventricular catheterization) and in small childrein with a left atrium of normal size (transthoracie left atrial puncture). Therefore, the technic of transseptal left heart catheterization has been modified, so that left heart angiocardiography can be performed at the time of left heart catheterization.10 Furthermore, transseptal left heart catheterization and angiocardiography can be performed at the time of right heart catheterization. Hemodynamic studies will either indicate the necessity of selective angiocardiography of the right or left heart, and either one can be carried out at the time of the examination.
There was one cardiac tamponade in this series of 170 transseptal left atrial punctures. In this case the left atrium was positioned unusually high and the transseptal puncture needle penetrated into the pericardial sac. There was no instance of aortic puncture, and no additional complications have been encountered. Usually ventricular extrasystoles occur less frequently in the course of transseptal left heart catheterization than during the passage of a cardiac catheter through the tricuspid valve. We have had no complications during or after the injection of contrast medium through the transseptal catheter into the left atrium or left ventricle in 90 patients. It should be pointed out that the tip of the catheter must lie freely within the eavity of the chamber which is to be investigated, since the tapered tip of the transseptal catheter may penetrate the endocardium during the forceful injection of the contrast medium. We have made subendocardial injections of very small amounts of contrast medium. In no instance, however, was there any discomfort for the patient or was the angiocardiogram of less qualitv than in other patients.
As shown in figures 1 and 2, the method is ideal for the differentiation of patent ductuis arteriosus from aortopulmonary window. In unusually long coarctation of the aorta as seen in figure 3B , the heart-lung machine may be used preferably in contrast to the ordinary coaretation. Since we have had this experience several times, we are doing transseptal left ventricular angiocardiograms in every patient with coaretation of the aorta. In cases with isolated ventricular septal defects and a left-to-right shunt, transseptal left heart catheterization and left ventricular angiocardiography are carried out, particularlv if cardiac surgery is to be expected. This will show the location and size of the defect and will also demonstrate multiple ventricular septal defects.
The most important indication for transseptal left ventricular angiocardiography is aortic stenosis. The method is capable of demonstrating the site of the lesion and the anatomic details are shown in figures 6 to 9. It is not only possible to measure the gradient across the aortic valve but also to judge the thickness and mobility of the aortic leaflets. Much more can be said about the prognosis without operation, or about the risk of opera-pected, if such details as a fused aortic leaflet in supravalvular aortic stenosis ( fig. 8) August, 1968 types of ventricular septal defect, and isolated congenital mitral regurgitation are discussed. Examples of valvular, supravalvular, organic subvalvular, and functional hypertrophic subaortic stenosis are shown. The method is also suitable for the demonstration of endocardial fibroelastosis, truncus arteriosus, and hypoplasia of the aorta.
